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!_ POPULATION TRENDS IN CIGARETTE sMOKING AND
BLADDER CANCER 1. _

ROBERT HOOVER a.\D PHILIP COLE

(Received far publiealion I:,.bruary 22. 1971)

Hoover,R. and P. Cole (Harvard Univ.Schoolof PublicHealth, Boston,Mass.
02115). Populationtrends in cigarette smokingand bladder cancer. Amer J
Epidem 94.. 409-418, 1971.mAn associationbetween cigarette smokingand
bladder cancer has frequently been demonstrated.The causal nature of the
associationhas,however, remained in doubt. Becauseof this,trends in smoking
habits and bladder cancer experience were examined for successivebirth
cohortsof menand womenintheUnitedStates,Denmarkand Englandand Wales.
Increasingratesof the diseasewere observedin populationscharacterized by an
increase in smokingamong successivebirth cohorts.The associationis consistent
in both sexes,different nationalitiesand in urban and rural groups.Thismakes
it unlikelythat thefindingsresultfrom an associationbothof smokingand bladder
cancer witha third variable.

bladder cancer;cohort analysis;smoking,cigarette

Periods of rapid rise or fall in the inci- Alth{}ugh the association of bladder can-
denee of a disease may be fruitful periods cer risk and cigarette smoking is well estab-
for investigations of that disease's etiology, lished, i_ remains uncertain whether the as-
since such changes must be preceded by sociation is causal. If the association is cau-
striking changes in the character or quan- sal, increasing rates of the disease should be
tity of at least one causal factor, observed in populations characterized by an

Clemmesen (1) and Lockwood (2) sug- increase in smoking among successive birth
,ested that the rapidly increasing incidence cohorts. The absence of such relationships
rate of bladder cancer seen in Denmark would argue against the causal nature of
may have been due to an increase in smok- the association between smoking and blad-

ing habits. Case (3) has suggested that the der cancer. We have therefore reviewed the
increasing mortality rates from this disease trends of bladder cancer and of smoking in

in English men might be following a cohort successive birth cohorts in several popula-
pattern. Recently, Cole et al. (4) pointed tions.
out that increasing bladder cancer incidence

_IETHODS
rates among American women parallel an
increase in cigarette smoking by successive To correlate exposure and outcome in
cohorts, successive cohorts, reliable information on

both over an extended period of time is re-
From the Department of Epidemiology, Har- quire& The paucity of information on expo-

yard University School of Public Health, 665 Hunt- sure limits the populations available for
ington Avenue. Boston, Massachusetts 0211,5. this type of analvsis in the present context.Supported by grants 5 P01 CA 06373 and T01 _ "
CA 05225 from the National Cancer Institute, Three populations for which this informa-
United States Public Health Service. tion is adequate are those of the United
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FIGURE 1. Annual incidence rates of bladder cancer by age for successive five-yeqr birth

cohorts of Connecticut men born between 1860 and 1910 (data from the Connecticut State

Department of Health (7-9)).

States, Great Britain and Denmark. Data prior to 1885 are based on current smokers
on smoking from all three countries have at the time of a survey done in 1947. For
therefore been related to the most suitable Denmark and Great Britain the proportions
measures of bladder cancer frequency used are based on current smokers at the
available. These measures are incidence time of a national survey.
rates in the United States (Connecticut) When estimates of a cohort's lifetime ex-

and Denmark anti mortality rates in gng- posure rates were not available, it was as- u:
land and Wales. sumed that the smoking pattern of a birth al

Estimates of the prevalence of smoking cohort, when surveyed, accurately reflected h,

in successive cohorts are based on data its relative lifetime cigarette smoking expe- fi
from various national surveys. For the rienee. Current smoking habits at the time

United States the proportions used for co- of the survey will underestimate the expo-
horts born after 1884 are estimates of the sure of older cohorts, since people in these
proportion of the cohort that will smoke in cohorts will have had more time and more

its lifetime. Such estimates were calculated reasons for discontinuing the habit. How-
from data collected during a national sur- ever, available data (6) indicate that such b

vey of smoking habits done in 1955 and are underestimates are small enough not to af- (-
based on the proportion of people in each feet any trends observed over successive co- "I

cohort who had ever smoked at the time of horts. To avoid underestimating the expo- s
the survey (5). Estimates for cohorts born sure for younger cohorts, information is
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FIGt'RE '2..\nnual incidence rates of bladder ,anc(.r by :_,_,> for su,'H',sivr tiv_'-y,.ir }firth

reekers at the ,.,,hefts of Conm,cticul; women born betwern 1S60 and 1915 {data from thP (',mnr,.ricur

State Dol,artm_,nt of Health (7-9)).

L's lifetime ex-

ble, it was as- H,,ed only from cohorts at least 30 years of _7-91. For men born sul)ee(lUt,ntly. a _'ohort
:ern of a birth age when _m'veyed, the age at which a co- type of im'r(,ase in rates Ihi_her at every
'ately reflected hort's smoking pattern beeomes relatively age for each sucees_,ixe cohort, is .-:et,l_ at
smoking expe- fixed t5, 61. least up until those born in 1905. Beeause
zs at the time 1,1a,lder cancer is a ,tisease of the el,terly.

:ate the expo- RESULTS relevant data for younger eohort_ are not

,eople in these Bladder cat_cer t_'ends yet avail.tble. What is availabh, for the
ime and more 190,5 and 1910 cohorts sugge,ts a leveling

habit. How- United States: Age-speeifie trends in off' and possibly a decrease in am'-q_eeifie
eate that such tfladder cancer incidence rates by cohort for incidences.

ugh not to af- ('onneetieut men are presented in figure I. Figure 2 shows age-speeifie trends in inei-
sueeessive co- The few data available for earlier cohorts dence by birth cohort for Connecticut

:ing the expo- suggest that the inerease in incidence rates women. For stability, rates are presented in
nformation is ,.t._rted with the onlmrt_ of 1870 to 1880 10-\'o.'tr nee ernHnin__s,. There i_ a onY_.i_.tont
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FIGI.'RE 3.._llllllCt[ in(.idence rates of hla(lder (':m(.(,r hv :lE(' for suvc('ssi_e fivt'-ye:u" birth

cohorts of Dani,.}l men from the ('at)ital :m(l from rho lllF:d districts born I_,,tu-etql 1S68 :rod
l_a (data from Clemmesen (10. 11)).

upward trend in ineidenee rates beginning riod of time in Englan(l. ()nlv mortality
with the cohort of 1895. rates can be used. Data av:dlahle for the

Denmark: Per'Imps the best illustration perio(l since 1955 exten, t ('ase's ob.-erva- ('('_
('h

of increasing rates affecting successive co- tions on mortality from hlmlder cancer

horts occurs in the data for urt)an an([ rural among English men :tn_l reveal a pattern each stu
Danish men (figure 3_. The rates in the quite similar to that in the Connecticut in- 1905 wh
rural sections are uniformly lower than eideneedata t Figure5_. Statesa

those in the Capital, but the same phenom- Mortality data for Enalish women Imve heginnin
enon of a cohort pattern of increasing rates not shown any appre('ial)le increase in bla(l- and not
after the cohort of 1868 is seen in both (ler eaneer death rates up to 1967 112). cohorts
areas.

Age-specific incidence rates for women in ,qmol,'/n9 smoking
the Capital of Denmark are l>resented in ish men.

If the observed cohort 1)atterns of rising nifieantfigure 4. Despite fluctuation there is a gen-

eral ut)ward trend in the rates_at least incidence rates are to t)e consi,tent with the eoh(
from the cohort of 1878 and onward. The patterns of cigarette smoking, then it would then he

data on rural Danish women, while also be expected that smoking started to become hort at
somewhat erratic, follow the same general popular among Conneetieut, British and Finally,
trend as those of the urban women (10, 11). urban Danish men with the cohort of about cancer

England: Due to the lack of data on the 1870. The percentage of eigarette smokers women,

ivcidenee of bladder eaneer over a long pc- would also be expected to increase with _lenee d_
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:tvailable for the Fmt-u_:4. Annual incidence rates of bla,hh,r canc(,r hv :to_.,.f,,r ,uc,.,,,-.iv_.fiv,.-.x,.:tv},it'th

('ase's observa- ,.,,boris of women from the _'al,ital of I){'nm:trk }}ol'nher_,._n 1S6S:m,l 1!103(,lar:t from('lemmeson (10. 11)).
bladder cancer

reveal a pattern L'ac}I suceessive cohort until that of about a})out smoking hal)its other than a lack of
o Connecticut in- 1905 when it might level off in the United tren(l prior to the eohort of 1880.

States and Great Britain. A similar pattern. As i, shown below, these trends in smok-

dish women have beginning at a much lower baseline level ing habit.., are generally what is obsm'ved in
increase in blad- and not leveling oft' with the more recent lmbli_he(l _lata.

-o 1967 (12). cohorts wouhl be expeete(l in the data on ['nitv, l States: Data from Haenszel and

smoking for Danish women and rural Dan- Shin:kin 15_ provide exposure rate.-_ hv eo-
i,h nlen. Cigarette smoking would be insig- hort for the general l)opulation of the

patterns of rising nificant -unong United States women until ['nite, l £tates. Table 1 shows the per cent of
. con,istent with the cohort of :ibout 189,5. Smoking would women who have ever smoked hv birth eo-

ing. then it would then be more popular in each ._uccessive co- hort. Among women born prior to about
started to become hort at least through the cohort of 1925. 1890 smoking was and is uncolnnlon. How-

cut, British and Finally, with no evident trend of bladder ever, a progressive rise in the per cent who
te cohort of about cancer mortality rates among British ever smoked is noted from the 1886 cohort

cigarette smokers women, and in the absence of early inci- through the 1926 cohort. This corresponds
to inerease with dence data, no prediction would be made with the general impression that cigarette
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FI(;t'RE 5..\nnual nlortality rate fronl bht(l(ler (.:tilt.or by afro for suc('('s, ixt- five-year snlokin,

hi,'th cohorts of nwn from England anti Wales born I)otwe,,n lS65 aim 1905 (data from ",A'Olllell
Case (3) and the l%mstrar General (12)). retie Sll

in the
smoking became popular among women larity among men with the cohort of 1870. de,nonsT
only after World War I _when the cohort of At the time of the surveys only 5 per cent ers, [11

1900 was in its 20's _. of men born prior to 1865 smoked eigarettes in the
Relevant exposure data on men are more regularly, while about 40 per cent of men of 1910.

difficult to obtain. Due to the lack of popu- born in 1880 and later were regular smok- Analy
lation based surveys of smoking habits ers. Figure 6 illustrates the percentage of portion
prior to 195,5, data on smoking habits for men who were cigarette smokers by birth exposur_
cohorts born prior to 1890 are unreliable, cohort. A progressive increase with each hle. The

Since the percentage of men having ever sueeessive cohort is noted until a leveling patihle
smoked cigarettes among the 1895 cohort is off with the cohort of 1910.

56.6 per eent (51, it is apparent that the Denmark: Data for Danish women are
popularity of the practice began with an presented in table 2. The data are sufficient Ahho
earlier cohort. Data collected in Columbus, for indicating the trend in cigarette smok- tiveness

Ohio in 1947 (13) and in Fortune maga- ing. However, when comparing them with bly ade,
zine's national poll of 1935 (14) indicate the percentages from the United States it are not

that cigarette smoking began to gain popu- should be noted that the Danish figures are analyse:
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I;ased on "ln'csvnt smokers" kit the time of "I'_F,_._:1
tilt. survey while data from the United l',',,,_/m/e ,:tu',,m,,,, ,_!/,t,,,,,, ,.,,,/.,,,,,. in

_tates are estimates of lifetinle exposure. ,,,,_'._._tre lO-.,/<,t, t,i,/h ,,d,,,,./.,.ttt /h,,
('t,tled ,';/(tics ,tt, d G_'*'at If¢,'tat¢_

\Vllen t}_i,,-is taken into account the 'aplmr-

ellt t':tl'til'l' ;All([ }lea',,-ier exposure of Danish Birth cohort* United>latest Great Britain:

WOtllell }tt,('IHIIO5 evoll lllOre striking. Ill fact.

colnparillg the per cent of present smokers lS.M-l.sg0 4.1; IS.2

:mlOn,,z Inite, l trate_ women 15_ with the

Delmmrk ,ktt:l stm\\'s tim percentages for l.Sgl-19(x) 12._;
Danish women to he erie third hi_her for
each cohort. Furthermore. the Danish fig- 1901-1910 2_1.7
tires for hcavy snlokci's are eonsistentl 3...........................

greater for each cohort than the eomlmrable 1911-1920 40.5 45.9
United States I_ereentztges 15, 15_. A further ---- 1921-1930 47.,_ 51.0
observation is that cigarillo ,-lnoking I t.d)le

'21 was pOl_llhtr ill older I),:llliSh WOlllell })tit * The surveys used similar age elassifieati,ms

llOt present ill [;.'llglalll[ or the UIlite_l States. hilt were d,,ne six years apart s,, the British data

Figure (i illustrates the sw.oking experi- have been appr.ximated to the Uui:ed States
cohort classification (e.g. the percentage listedenee of Danish men. Again, the data are for the 1911-1!)20cohort in (;real Britain actually

rates of current smokers at the time of the refers to the cohort of 19L'5-19141.
stlrvey. This results ill till un, lerestinlatioll t- Estimates ,,f the nmxinmm pe,'em_tage of the

of the :.t/)sOlllte rabies of the [)rol)ortiolls of p,)pulati,m in a cohort who would sm,_ke cigarettes

1)ersons who ever snloked, but has little el- at s,me time in their lives (data from Haenszel

feet on tilt, trelltlS of tile rates. These are alHl Shimkin (5)).
2. I_ereenta_e of the p,q'ul.tti,m in a eoh.rt who

strikingly similar to those in tile Unite, l w_,r, ,igarette smokers during the first quarter
States and Ezlghuld. The leveling off of per ,,f ['_1!t(data fr_,m Hult_m lIeseareh (l(ill.
cent of slnokers with the cohort of 1915,

however, is not seen among rural men. der ,.:tncer incipience on proportion of smok-
Ellgland: Trends in English women's ers Iw cohort, controlling for age, was eom-

..ix,, five-year :rooking habits by cohort parallel those of puted, using the ,tata on Connecticut men.

10.5 Idata from wonloll in tile United States t table 1 ). Ciga- Connecticut men were chosen for this anal-
retie smoking by men is also similar to that ysis because they comprise the group on
in tile United States and Denmark as is whom _htta are most eomph'te. The slope

tile cohort of 1870. ,lelnonstrated in figure 6 for present smok- of the regression line was 1.87 with a stand-
,ys only 5 per cent t,l'S. In England, there is an aetual decline ard error of 0.29 (p < 0.001).
5 smoked cigarettes in the per cent of smokers with tile cohort
0 per cent of men of 1910. Disct'sstox

vere regular smok- Analyses were also done using the pro- Case pointed out in 19,56 that inereasing
the percentage of portion of heavy smokers as the index of t)ladder cancer mortality rates among Eng-
smokers by birth exposure wherever tile values were availa- fish men resulted from higher mortality

ncrease with each ble. The results obtained were entirely con> rate_ at every age for each successive birth
,,1 until a leveling mtible with those presented above, cohort t31. The only two exposures known
0. to be associated with bladder cancer are

)anish women are Analytic considerations smoking and certain occupations. The in-
data are sufficient Although the quality and representa- crease in rates could not be attributed to a

in cigarette stuck- uvene_s of the data on exposure are proba- specific changing exposure because it was
lparing t,hem with bly adequate for descriptive purposes, they not known how much of the disease in any

e United States it are not adequate for extensive quantitative one population might be attributable to el-
Danish figures are analyses. However, the regression of blad- thor of the suspected causes.
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FIGuRe: 6. Percenhtge of cigarette smokers hy (.ohol't for men in Great Britain*. the

United St,He,i and the ('apital and rural areas of Denmark,'. cre_

* Per(,ontage of the l)olmlation in a cohort who were (.i_:arette smokers (hlrinz the first pro
quarter of 1949 (data from Hulton Research (16)). tim

i- Values prior to 1885 are the percentages of ,.re'rent ,-,lllokers in :t cohort at the time of lll[l:

a survey done in 1947 (data from Mills :m,l Porter (13)). _'ahles I'rOlll lSS5 onw:u'd :.till{
are estimates of the lifetime maxinmm perrentage of the t_Ol,ularion in a roimrt who to i
smoked cigarettes at some time in their lives (data from Haenszel and 8hitnkin (5)).

._ Pereenta_e of current smokers at the time of the D:mish National Morbidity Surv-y. yea
1952-53 (data from Hamtoft and Lindhardt (15)). eacl

tog(

However. even without knowledge of tern. For a cohort type of increase to result Th(

these attributable ri_ks there was evidenee from occupational exposures it would be of t

that might have allowed implication of necessary that the exposure acted differ- kno

smoking as the expo._ure resl)onsible for ently at different ages, i.e., more carcino- the
these cohort increases in rates. It could be genie for younger persons. While this is l)OS- unk

presumed that any increase in the use of sible, it seems unlikely to have occurred to alle

carcinogenic sul)stanees by industry would the extent; required to produce the observed ons

affect all ages in the work force (18 to 65) effect. Since occupation is unlikely, only fac,

equally. This would t)roduee more a cross- smoking and other as yet unknown expo- req

sectional type of increase than a cohort pat- sures remain to account for the cohort type snl,
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i .._

I ot increase ill I)]a,l, lcr cancer rates. From T_uL,.. 2vtlrious studh's of smokin_ it appears both l'_,,','e,H_ffe,j" w,,,en ._,,,,A'e,'._/, ._,,.,.,'._,re &Hh
t c./l_,rl,_ t,I urhou and r_H'_t/ ])e_._H_'*
} ihat alllOl.llltS ;tilt[ types of >mokin_ are

} [I/cuP_clve:. cohort [)[ltqlOllK'll.:l with a parti('- Capital Rural districts

ular cohort's llztl>its well e_,tal,lishe([ hy Birthcohort
about '>,e 30. Iu the a/>ence of km_wlc, I_e other* oth,_*

• _ ('ig'arettes tobacco ('i,,..arettes tobacco
of other causal exposllrt's it would[ set'Ill rea-

sonable to attribute the increase in hhuhler Before lS_:3 6.4 20.3 I).3 1.7
cancer rates to smokin_ since tren_ls in the I,',;,_3-1s92 I"2.'2 19..'_ :2.!t 5.3

2_,s __, 10.s
cxpostire it.lid _[isca,<( , I'al:e.,- ()_ a CO}lOFt have lS!):_-l()02 _ "_'_ _' 6.:_

hcen shown to he parallel. 1903-1912 37.2 ll.,S 1,s.3 3.91913-1922 55,3 3,5 35.7 2.9
This position wits SUl)porte, I })y tlle Mas- 1923-1932 li2.7 0.6 4,',.4 2.3

sachusetts study 14. 171. This stu, ty pro-
vidt'_l estinlatvs of attril)utal/le risks per * Percentages refer to current smokers at the

cent for .'qllokillff_, occupation slid as .vet till- time of the Danish N'atiomd Morbidity Survey,
1952-53 (data from Hamtoft and l.indhardt 1151/.

kllOWll ('xl)oslll'('s for Iliad(let cancer ill all i-Almost exclusively cigarillos,
iu(hl,_trializcd United St-ttes population.

These percentages were. respectixely, a9. is Cohort-specific bladder cancer rates may
and 4a for men and 29.6 and 65 for v,oulett, lmx'e leveled off or actually begun to decline
5rooking therefore appears to he the rosier in the most recent cohorts of men. it is

recognized factor associqted with bladder tempting to relate this to the leveling off of
cancer in this l)Opulation, considerably per cent of cigarette smokers and to the
overshadowing the influence of occupation, decline of t!tc per cent of heavy smokers in

t)f course, the usual iH'ecautions when the most rf.,'ent cohorts t5. 15, 161. How-

considering the causal nature of an associa- ever. it is roe early for this to be deter-
tion must he kept in mind. It may he that mine, l. Th,, ,lecline in percentage of heavy
the increase in hladder cancer rates reflects smokers is -mall and rite ,leeline in bladder
increased ascertainment of the disease in ,,attcer r-m,s appears in slightly earlier co-
lids not easily accessible organ. For this to boris than does the h,veling off of per cent

dn*. fl_e produce the observed cotlort type of in- smokers.
crease, it would be necessary that the iln-

)he first provement in ascertainment acted ([ifl'eren- R_:rERE.',CES
tially on different cohorts. Furthermore it l. Clemmt,son .l: /,, Cam.or htcidont,e in Five

time of must h'tve gone on simultaneously in rural Con_in_,ws. \'oI II. Edited by Doll R. Muir
onward alUl urban Dennlark and must hax'e begun C. Wate,'hou_, .I. Now York. Sprin_er-Verla_.

:err who 1970,p210
:in (5)). to occur in relation to USA women some 30 '_ Lockwood K: On the etiolo,,v of bladder tu-
Sut'v,,_. years after it hegan in USA men. While ....• nlors in Koh.nhavn-Frederikshur_ an in-

each of these conditions is l)lausible, taken quiry of 369 part,mrs and 369 controls. Aeta
together they would seem quite unlikely. Pad_ Microhiol Seam[ (Suppl 145) 51: 1-166,

.ase to result There is also the matter of 40-65 per cent 196l
it would be of the disease renmining unaecounte, l for by 3. Case RAM: Cohort analysis of cancer mortal-

iD in England and Wales. 1911-1954by site
acted differ- known exposures t J,. 17). However. to cause and sex. Bm J Prey See Med 1O:17°,-199,1956
_ore carcino- the observed patte,'n of increasing rates, an 4. Cola P. M,mson RR. Haning H. et at: Smok-
_e this is pos- unknown exposure would also have to par- in_ and cancer of the lower urinary tract. New

' occurred to allel the patterns of disease frequency dem- En_ .J Med 2S4: 129-134,1971
the ohserved onstrated here. While possible, until such a 5, Haenszel W. Shimkin MB: Tobacco smoking

patterns in the United States. Public Health
dikely, only factor is identified and shown _o fulfill this .Monograph No. 45. United States Public
4llOWll expo- requirement it would seem wise to consider Health Service. 1956
' cohorttype smoking as theexposure responsible. 6. National C,.nter for Health Statistics. Changes
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